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(57) ABSTRACT 

A small-sized, high-resolution, time-of-?ight (TOF) mass 
spectrometer has a closed ion orbit formed by plural electric 
sectors. Ions can make plural revolutions in the closed orbit. 

An entrance path is formed in the closed orbit to introduce 
ions into the closed orbit. An eXit path is formed in the 
closed orbit to take ions from the closed orbit. The entrance 
and eXit paths can be formed at the eXit and entrance of the 

electric sectors forming the closed orbit or can be positioned 
in the orbit betWeen the electric sectors forming the closed 
orbit. 

8 Claims, 3 Drawing Sheets 





U.S. Patent 0a. 9, 2001 Sheet 2 of3 US 6,300,625 B1 



U.S. Patent 0a. 9, 2001 Sheet 3 of3 US 6,300,625 B1 



US 6,300,625 B1 
1 

TIME-OF-FLIGHT MASS SPECTROMETER 

FIELD OF THE INVENTION 

The present invention relates to a time-of-?ight (TOF) 
mass spectrometer having a closed orbit formed by plural. 

BACKGROUND OF THE INVENTION 

When ions are accelerated by an electric ?eld, ions having 
smaller masses are more easily accelerated, While ions 
having greater masses are less easily accelerated. A time 
of-?ight (TOF) mass spectrometer is an instrument for 
performing mass analysis by measuring the differences in 
?ight time (i.e., the time taken for ions to reach the ion 
detector) by making use of the principle described above. 

In a TOF mass spectrometer, as the ion ?ight distance 
increases, ion mass differences tend to produce greater ?ight 
time differences. Therefore, one method of improving the 
resolution of the instrument is to increase the ?ight distance. 

One knoWn method for achieving both increase of ?ight 
distance and miniaturiZation of the instrument is to cause the 
direction of ?ight of ions to make a U-turn, using electric 
?elds, for eXample. 

SUMMARY OF THE INVENTION 

In vieW of the foregoing, it is an object of the present 
invention to provide a time-of-?ight (TOF) mass spectrom 
eter having a closed orbit formed by plural. The ?ight 
distance is increased by knocking ions into and out of the 
closed orbit. At the same time, the instrument is made 
smaller. 

This object is achieved by a TOF mass spectrometer 
comprising a closed orbit formed by plural, an entrance path 
for knocking ions into the closed orbit and an eXit path for 
taking the ions from the closed orbit. 

In one feature of the invention, electrodes producing the 
forming the closed orbit are provided With holes to permit 
the ions to enter and leave the closed orbit. 

In another feature of the invention, auXiliary electric ?elds 
forming the entrance path and the eXit path for the closed 
orbit are formed in a free ?ight space Within the closed orbit. 

In a further feature of the invention, the are sWitched off 
When the ions are knocked into and out of the closed orbit. 

Other objects and features of the invention Will appear in 
the course of the description thereof, Which folloWs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1(a) is a diagram illustrating the paths that ions 
folloW in a TOF mass spectrometer shoWn in FIG. 2, the 
spectrometer being built in accordance With the present 
invention; 

FIGS. 1(b) and 1(c) are timing diagrams illustrating the 
timing at Which electric ?elds Within the TOF mass spec 
trometer shoWn in FIG. 2 are turned on and off; 

FIG. 2 is a schematic diagram of a TOF mass spectrom 
eter in accordance With the present invention; 

FIG. 3 is a schematic diagram of another TOF mass 
spectrometer in accordance With the present invention; and 

FIG. 4 is a schematic diagram of a further TOF mass 
spectrometer in accordance With the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A time-of-?ight (TOF) mass spectrometer in accordance 
With the present invention is shoWn in FIG. 2. This spec 
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2 
trometer has a closed ion orbit formed by circular paths A1 
and A3 and straight paths A2 and A4. The circular paths A1 
and A3 are Within tWo electric sectors E1 and E2, 
respectively, Which make de?ection angles of greater than 
180°. The straight paths A2 and A4 cross each other and 
connect the tWo circular paths A1 and A3. Ions are emitted 
as pulses from an ion source 5 and travel toWard an ion 
detector 6. A gate 7 is mounted to pass only ions having a 
given range of velocities. 

Ions going out of the gate 7 move straight in a path L1 that 
is in agreement With the straight path A2. Apair of electrodes 
produces the electric sector E1. The outer one of these 
electrodes is provided With a hole Hm near the eXit of the 
electric ?eld to prevent impediment to the movement of ions 
traveling in the path L1. Therefore, the ions going out of the 
gate 7 can pass betWeen these electrodes through the hole 
Hi” and travel in the straight path A2. 
An ion take-out hole H0,” is formed near the entrance of 

the electric sector E2 developed by a pair of electrodes to 
extractions from the closed orbit. This ion takeout hole H0,” 
is so located that ions traveling in the straight path A2 Would 
collide With the electrode forming the electric sector E2 if 
they moved further straight. The ions going out of the 
electrodes through the ion takeout hole H0,” pass through the 
path L2 into the ion detector 6, Where they are detected. 

The operation of the instrument constructed in this Way is 
neXt described by referring to FIGS. 1(a), 1(b) and 1(c). 
Pulsed ions enter the closed orbit and travel in this circular 
orbit. Then, the ions are taken from the closed orbit and 
reach the detector 6. FIG. 1(a) is a diagram illustrating these 
paths that the ions folloW successively. FIG. 1(b) illustrates 
the timing at Which the electric sector E1 is turned on When 
the ions are admitted to the closed orbit. FIG. 1(c) illustrates 
the timing at Which the electric sector E2 is turned on When 
the ions are extracted from the closed orbit. 

In FIG. 1(a), an assemblage of pulsed ions generated from 
the ion source 5 and passed through the gate 7 folloWs the 
path L1 and enters the straight path A2. When these ions are 
passing betWeen the electrodes producing the electric sector 
E1, this electric ?eld is turned off (Zero potential), as shoWn 
in FIG. 1(b), to prevent the ions from being de?ected due to 
the electric sector E1. After the ions of interest pass betWeen 
the electrodes producing the electric sector E1, this electric 
?eld is turned on before the ions again reach the electric 
sector E1. Thus, an electric ?eld of a given strength is 
produced. In this Way, the ions are admitted to the closed 
orbit and travel in a ?gure-eight orbit formed by the paths 
A2, A3, A4, A1, A2, and so on. 

After the ions introduced in the closed orbit make a 
required number, n, of revolutions in the ?gure-eight orbit, 
the electric sector E2 is turned off (Zero potential), as shoWn 
in FIG. 1(c), to take the ions out of the closed orbit. 
Obviously, the ?eld E2 is turned off While the ions do not 
stay in the electric sector E2. In particular, the ions are 
dispersed While traveling in the electric sector E2. The 
electric sector E2 is turned off betWeen the instant When the 
last ones of these dispersed ions leave the electric sector E2 
and the instant When the forefront ions enter the sector E2. 
As a result, the ions making n revolutions in the closed 

orbit move straight Without being de?ected by the electric 
sector E2. The ions are then taken out of the electrodes via 
the ion takeout hole HOW and admitted to the ion detector 6, 
Where they are detected. 

FIG. 3 shoWs another TOF mass spectrometer in accor 
dance With the present invention. In this embodiment, an 
entrance path L1 and an eXit path L2 are in a straight path A2 
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connecting both electric sectors. An electric sector 10 for 
introducing ions and an electric sector 11 for extracting ions 
are added to bring the entrance path and the exit path into 
agreement With the straight path. The electric sectors 10 and 
11 are turned on only during the introduction and departure 
of ions; the electric sectors 10 and 11 are kept off during the 
other interval. The electrodes forming the electric sectors 10 
and 11 are provided With ion passage holes H10 and H11 to 
prevent impediment to the passage of the ions traveling in 
the closed orbit When the electric sectors are off. 

Referring still to FIG. 3, the pulsed ions emitted from the 
ion source 5 pass through the gate 7 and enter the electric 
sector 10 forming the entrance path L1. At this time, the 
electric sector 10 is ON and produces an electric ?eld of a 
given strength. Consequently, the ions are de?ected by the 
electric sector 10 and admitted to the straight path A2. The 
ions begin to travel in the ?gure-eight orbit formed by the 
circular paths A1, A3 and the straight paths A2, A4. 

The electric sector 10 is turned off (Zero potential) until 
the ions again approach the electric sector 10. The ions can 
pass through the hole H1O formed in the electrode producing 
the electric sector 10, and can keep revolving in the closed 
circular orbit. 
When the ions introduced in the closed orbit ?nish the 

required number of revolutions, the electric sector 11 is 
turned on, thereby extracting the ions. Speci?cally, the 
electric sector 11 is turned on, and an electric ?eld of a given 
strength is developed. The ions reaching the electric sector 
11 are de?ected by the electric sector 11, move in the exit 
path L2, are extracted from the closed orbit, and reach the 
ion detector 6. 

FIG. 4 shoWs a further TOF mass spectrometer in accor 
dance With the present invention. In the spectrometer shoWn 
in FIG. 2, electric sectors E1 and E2 are produced. In the 
spectrometer shoWn in FIG. 4, these electric sectors E1 and 
E2 are divided into electric sectors E11, E12 and E21, E22, 
respectively, having de?ection angles of less than 180°. The 
closed orbit is formed by these four electric sectors. This 
increases the number of degrees of freedom in selecting 
electric sectors Where the entrance path L1 and the exit path 
L2 are positioned. 

In the present embodiment, a gate 21 is mounted in a 
straight path to prevent faster ions from outrunning sloWer 
ions. The gate 21 is not alWays essential to the present 
invention but useful in preventing this undesirable phenom 
enon While the ions are moving in the circular orbit; 
otherWise, the spectrum Would be complicated. 

In this Way, the entrance and exit paths can be devised 
variously. A re?ectron or any other device capable of con 
structing a TOF mass spectrometer may be included in the 
closed orbit. A quadrupole lens or einZel lens may be 
included in the closed orbit. Furthermore, any appropriate 
combination of them may be employed. 

In the embodiments described above, the holes to pass the 
ions may be kept open if the electric ?elds are unaffected. 
HoWever, if the electric ?elds are disturbed greatly, ?ne 
mesh may be attached to the holes. This minimiZes distur 
bance of the electric ?elds While permitting passage of ions. 

While three embodiments of the invention have been 
described in detail thus far, the minimum requirements of the 
present invention are as folloWs. 

(1) There exists a closed orbit formed by plural electric 
sectors. Furthermore, there exist entrance and exit paths 
permitting ions to enter and leave the closed orbit. The 
entrance and exit paths are partially coincident With the 
closed orbit. Alternatively, the entrance and exit paths 
may be in contact With the closed orbit at least at one 
point. 
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4 
(2) Where the entrance and exit paths intersect or overlap 

the closed orbit, holes are formed in the electrodes at 
the intersections. 

(3) When ions are made to enter into or exit from the 
closed orbit, it is necessary at appropriate timing to turn 
off the electric sector that Would otherWise impede the 
entry or exit of the ions. 

A TOF mass spectrometer in accordance With the present 
invention has a closed orbit formed by plural electric sectors 
and a mechanism for forcing ions into and out of the closed 
orbit. Therefore, the number of revolutions that the ions 
make can be increased to thereby increase the ?ight distance, 
though the instrument is small. As a result, a small-siZed, 
high-resolution TOF mass spectrometer can be accom 
plished. 

Having thus described my invention With the detail and 
particularity required by the Patent LaWs, What is desired 
protected by Letters Patent is set forth in the folloWing 
claims. 
What is claimed is: 
1. A time-of-?ight mass spectrometer comprising: 

a) plural electric sectors de?ning a closed ion orbit 
formed; 

b) means for knocking ions into said closed ion orbit from 
an entrance path connected With said closed ion orbit; 
and 

c) means for taking the ions from said closed ion orbit into 
an exit path connected With said closed ion orbit. 

2. The time-of-?ight mass spectrometer of claim 1, 
Wherein said electric sectors are located opposite to each 
other and have de?ection angles of greater than 180°. 

3. The time-of-?ight mass spectrometer of claim 1, 
Wherein four electric sectors are spaced from each other and 
have de?ection angles of less than 180°. 

4. The time-of-?ight mass spectrometer of claim 1, 
Wherein electrodes producing said electric sectors forming 
the closed ion orbit are provided With holes to permit ions to 
enter and leave said closed ion orbit. 

5. The time-of-?ight mass spectrometer of claim 4, 
Wherein said electric sectors include a ?rst electric sector 
Which has a hole permitting ions to be knocked into said 
closed ion orbit and Which is turned off When the ions are 
knocked into said closed ion orbit, and Wherein said electric 
sectors include a second electric sector Which has a hole 
permitting ions to be taken out of said closed ion orbit and 
Which is turned off When the ions are taken out of said closed 
ion orbit. 

6. The time-of-?ight mass spectrometer of claim 1, 
Wherein said means for knocking ions into said closed orbit 
comprises a ?rst auxiliary electric ?eld for forming said 
entrance path on an ion path betWeen said electric sectors 
and said means for taking ions from said closed orbit 
comprises a second auxiliary electric ?eld for forming said 
exit path on an ion path betWeen said electric sectors. 

7. The time-of-?ight mass spectrometer of claim 6, 
Wherein electrodes for forming said auxiliary electric ?elds 
are provided With holes to permit passage of the ions rotating 
in said closed ion orbit. 

8. The time-of-?ight mass spectrometer of claim 6 or 7, 
Wherein said ?rst auxiliary electric ?eld for forming said 
entrance path is turned on When ions are knocked into said 
closed ion orbit, and Wherein said second auxiliary electric 
?eld for forming said exit path is turned on When the ions are 
taken from said closed ion orbit. 
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